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A distributed r ain血11-B edim e nt･r n n oぼ m odel i自 C On Stru Cted to in ve8t軸七色■Ro od a nd Bedirnellt
lI1 0 Veulellt, On 8. C 8.tChm 8n七日血 e, T he m odeltre ats spatialdata. S et.β 8u Ch astopogr aphy and la nd
c o ve,rc
lffed,iv e抄by8.pp抄ingGIS(geogl叫)hic a=n払r m atio n野 醜e m)andr e m ote S en singtechniques･
This re s e tu.ch usesG ISto produ ce aDEM(digitalelev ation m odel)aJld re m otelyS e nsed da･tatpo
clas sifylEulLIc over. The m odelc on str u cted hereiB agrid･c ell-based di8tribut8d rr10del･ The grid-
c tll- ba°ed kille r n atic wav e m odelc山c u18teS rain払1l-r u n offa,nd sedim en七is yielded whe no v erla nd
IIo w occl u
･
日 O11 eachgrid
-c ellwith S urfa ce v olc a nic Soil l&yer･ A primitiv e m odel(Takar
･
a書-2000)
a}1 S u n l edtLhat･ sedinle nt W a syielded with inRltra.Lio ndepth Dreg乱rdlcs畠 Ofe n ergy ofoverl8Il(‖low ,
w hich hasli mita拙)nto tr8n 8pOrt8ediTne ntO n 飽 ehgrid･ c ell･ Co nsidering atran sportat･ion c apacity
of
'
o verl肘1d
■丘o w o71 ea ch grid-c ellm akesit possible to 皿 Odel both sedim ent yield pro c e s胃eB a nd
s edillle llt deposit proc 匂S陀B . T he u nitStre a mpo w erthe ory decide白the tra n sportation c apacity.
yielded sedime ntin slope grid-c ells m ovesirl the 且o wdire ctio nderiv ed from the D E Mto riv er
grid- cells, o nw hich bed lo ada nds uspendedlo ad are calc ul血ed･ The m odeliB ap pliedto the Le8ti
Riv er b8血 (625 km2)lo c ated in the upperBraJl七asRiverbasin, a nd sim uhtes sedim eTlt ru nOぽ
durillg a r ainys eas o ni
'
ro m No ve mber1995 to April1996･
K ey W ords : Bra ntas Rit'e r, r ainfhll･a edim e nt- m noR rrwdel, ･u nit stre a m po w e r, GIS,
^ D E O S/A I/N IB
1. ∫ntrodu ctio n
T heBr a nta sRiv er(Fig･1)igthe S ec ondlargest
riv erin Ja ⅧIsla nd,Indo n e sia. Thele ngthis 320
kn1 aTldthe c atchm e nt ar e ais12,000kn2 , Ito ng-
il はte6fro mthe s outhw este rn Slope ofMt. Arjun o
aJld且o w s o utinto the M adu raStrait. Thebasin
c ollSists ofa ctiv e v olc a nic m o u ntain B･,for ex a mple
Mt･ I(elud erupts o n c e ev ery1 5-30ye a rs a ndMt･
seln er u emi ts alot ofSm oke c o ntin u o u sly. 臥1n-
dr eds millio n c ubic m eters of v olc a山 c m aterials
且o wdo wnthe s u r ro unding slopes Whe nthese■v ol-
c a n o e s e rupt. T hebasin i8 COV ered with v olc a nic
ash or the ge ologic Str atu m c o 且sists ofv olc a nic
debris. He avy rainfalla nd ru n offin the rainys e a-
so n fro m No v e mberto Apri la r ethe m ajo r c a us e
ofa large a m o unt ofs edim e ntyield, whichis de
-
posited in r es er v oirs and riv erbeds･
sedim ent fro m the Le8ti R iv erba sin studied
her e a c co u ntsfo r ala rge am o untofs edim e ntatio n
in the up perBr a nta8Riv er. It o rlgln ateBMt･ Se-
m e ru(3,676 m)and drain sthe ar e a of625 kn1
2
1
T he Se ng gu ruh da m, which lo c ates at thej11Ilぐ-
tio n oftheLestiRiv er a ndthe Brど皿ta SRiv er, w a s
c o n stru ctedin 1988for w ater r es o llrC eS a ndI)O W(-･r
ge n er atio nwithgro ss stor age of 21･5 0 mi 11io n11
3
,
butthe sto r age hasbee ndec r ea s edto o nly 3･37
mi llio n m3 for8 ye ars afte rthe daln C OllStru (:-
tio n, The sedim e ntatio n at the Seng gruh darn
dec rea｡se 8thelife tim e ofI.he da m arid n cr e as es
the risk of 且o od.
T his paper des cribes adistri buted rainfall-
s edim ent-r un off m odel, whichis capable of colト
side ringspatial hydr ologlCala Dd geologlC alin i
L
o r一
n ation, This 七ype of 皿 Odelis u s efulfor predic-
tio n ofS edim entatio nin r es er v oirs a nd riv erbeds
and w o uldc o ntribute to s e v e re s edim e ntatiol上
pr oblem s c a u sed byla nd u se cha･nge and def
'
or-
e sta.tio n.
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Fig･ 1 Bra ntas River ba8in(EgaBhira et‾al., 1997)
2･ Ap plicat･io n of GIS a nd R S to hy-
dr ological m odeling
Ge ogr aphic alInfor m atio nSy如e m(GIS)is c ar
pable七o take adv antage ofdigitiz edgeogr aphical
inform atioTl u sing c o mplユter effe ctiv ely. Ap plied
t() v a rio u 8丘elds stlCh a占 u rban pla n ning, e n vir oか
In ellta plann ing, r e8 011r C e m a n 月-ge m e nt a nd fa-
cility m an age m e nt,itis also expe cted as a u seful
to oltode al with distri butedge ogr 払phical da七afo r
hydr ologlCala nalysisI Ge ophysicalspatialdat&
s ets such a8且o wdir ection
,
Slope a nd land c o v er
on
.
e a ch gid- c en a re n e ce$5 arytO dev elop thedis-
tributed hydr ologic al m odels. T his r es e a rchlB eB
GIS fo rge n er ating D E M by plotting of c o nto u r
lin e s a ndtr eating spatial da七a set,a.
Re m ote s en sing(R S)is o n e ofthe_po w erfdto ols for obge rv1ng and m o nitorlng geO mO rPho-
1ogi(: 叫dhydr ologic占o ndi七ion s o nthela nd sllr-
fa c e. T his p8.per Cla BSiaesla nd co v er ofthe Le s七i
Riv erba sinu singA DEO S/A V N mim age(spatial
r es olutioll16 m) a cquir-ed o nJ un e4, 1997 with
the m a xim u mlikeliho od classiRc a七io n m ethod.
(1) DEM a nd･且o w dir e ctio n paths de-
riv ed 甲ith G IS
Fr o mdigiもiz ed co nto- ∫lines o n a- 1:50,00 0t9-
pogr aphical m ap, ERD AS/I MAGIN Ege nerates
n･i叫 gulated I汀 egular Netw o rk(TIN)a ndtra n s-
fo r m sit to a sqll ar e-grid DE M with a ny r es olll-
tio n. Figu r e2 sho w sthe shaded DE Mim age of
50m resolutio n.
Flo w dir e ctio n o n e a ch grid- c eu is decided
bas ed o n the D E M. Sincethe lo c atio n a nd the
Fig･ 2 Born D 丑M im age With riv er cha n nel netw o rk
a･nd w atershed bollnda ry
den sity ofthe riv er cha n n el a ndthe bollndary of
w 8ter8hed are im po rta ntfo r ru n ofra n alysis, the
digiti2;ed riv e r chan n elandthe w atershed bo und-
a ry n aps w ere piled o n other m aps o n GISa 5
sho w nin Fig. 2 . The pr o cedu r eto m aketheflo w
dir ectio n m ap 18 a8fono w 畠.
1･ T he GIStr乱n 8fo rm sthe v e ctorlaLye rES Ofthe
riv er cha n n el a ndthe w ater shed bolm dar
.y
into the r a8terlayer wllichhasthe 甲 皿 e r 掛
olutio n a BtheD E N.
21 To de丘ne the conne ctio n ofthe riv ergrid-
cel18
,
the丘o wdir e ctio nin the riv erisde cided
如 firs七.
3. Thefb汝 d汝e c也o rts o n slope- c ells a re calctト
Ia七ed. The■elev a.土io n ofthe w ater shed bo u nd-
a ry c ells ad
･
e rais edt.o pre寸ent且o wpathsむo m
cr o B81ng the w ater shed bo t mda ry･
(2) La nd c o v e r cla s sific atio n u sing
A D E O S/A V NIR
An e ar七h obs er v atio n 8 aもelhte A D E O S
,
which
w a畠dev eloped by七he Natio nal Spa c eDev elop-
m 甲t Agen cy of Japa去(N A S D A), w a slatl n Ched
o nAusu Bt17, 1996into as
'
ola r-syTIChro nou s sub-
r e c u r r e nt. o rbit. with a r ec u r r entperiod of41 da.ys
at a na七titllde ofabo ut.800 km . Ithad be erl a v ai一
ablefo r1 0m o nth byJ un e30, 197. A DE OS c ar-
riedsix 8 en 80 r8fo r c oTl$ 01idated c o ntin u o u s me a-
s urem e n七 of la.nd, s e a a nd air, the A dv a n cedV is-
ible a ndN ea r-In血ar ed Radio m cter(A V NIR), the
Oc e a nColor a nd Te mperature Sc ann er(O CTS)
a nd s o o n.
AVNIRis a visible a nd n e a r-in丘a redr adio m e-
te rto m e as u r ela nd a nd c o stal 2iO ne S With high
spatialre BOlutio n(1 6m)･ It m onito rs envir o n-
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Fig. 3 A D E O S/AV Nm im 喝 e(Jun e4, 1997)
m e ntalphen o m en a s u ch aB V egCt&tion a nd des e ト
七i丘c atio n.
In this r es ear ch, w e u 班d a n AV N mim age
(Fig. 3)a cquired on Jtn e 4, 1997 for c &tlment
la nd c o v er claB8i c atio払 Cla8 8姐ca七idn by 8･ S ひ
pervised m ethod n e eds trai ming a r由･ We re
-
ferred to tllela nd c o v er m ap pubhshedin 1989
for extractingthetraining Bd
･
e a S･ Figur e4 Bho w 8
thela nd c o v 肝 C18 B8i丘c atio n m ap obt ain edbythe
m 血 m likeliho od cla 8Si鮎 atio nte chniqu e. It
sho w sthat m ost oftheLestiRiv erbasinis da 8-
sified into `C ultiv &ted La nd
`
a nd `T-e eCrops
`
cla8S eS.
`Tr eeCrop8
`i6lo c atedin the ar e& where
the elev atio ni8 fro m abo nt 1000m t.o 1 500 m ,
a nd `Cllt.iv ated La nd`is on I.helow er a re atha n
that. Roedjito 払nd I壬aria nto(1995)r epo rtedthat
70
.
to 80% ofthcLestiRiv erba由n ha sbeen c-ll-
tiv atedto produ ce 皿 ai2ie, PO七ato es, a nd ca B8 aVZLB
unde r1000m are a. This agr ee8with the res ult
ofla nd c o v er claBSi鮎 atio nby R S, whichis also
c o n丘 rm edby o u r丘eldsu rvey in Ja n u ary 2001･
Note that t hereis 60 皿 e■difBc ul七y七o identi&the
`pad dy Field
`
clas sbec a u sethe su r血ce c o nditions
ofthe paddy丘elds ar edifferen七 丘o m 丘eldto丘cld
even at the s am eI.im e. In additio n, clolld co v ers
a七the top ofthe Mt･ Se m er u, whi 血 is the out of
the Lesti R iv erba sin, c a u s e s S O m e er r orthere･
3. A distributed sedim ent- n m olr
m odel
(1) The c o n c ept oft he m odel
A BP由idy distributed m odel ha stO be c oa
l
8tru C七ed for c o n sideringthe Sedim e nt m o v em e nt
o n a c at,chm e nt 8C由e. VolcEmic ash a r ea B五ket.he
Br antasRiverbasin m ay yieldSedim ent o nthe
e ultiva.tedl鉦nds, fore8t8, a nd ev en u rba n a re舶 ･
The o v erland 且o wi8 e asy tO O C Ctuin the v ol-
c a nic sedim e血 are a
,
a ndthe o v erla nd且o wyields
8edim en七(Ji七o一過 O nO a ndShim oka･w &, 1989)I The
kine m atic w av e ru n o庁(KW R) m odel 8indates
r ainfdl- ru z10牙 o n e aL!h gri d
- c ell which has the
ヲa m e reS oh tio n BBDE W(
25 0m), a nd the B ed-
1 m ent i白 aBS u 皿 ed 七o be yielded when ov 町1a nd
且o w o ccurs. A pri mitiv e m odel(T 血 a, 20 0)
aB Sllm edthat the S edim e nt w asyielded with infil-
tr atio ndepth D r ega rdless ofe n ergy ofov erla nd
且o w, btEt O V erla nd flo w ha sli mitatio nto tran s-
port s edim e nt o n ea ch grid- c ell. T his reSe証ch
c o n sidersthe tra nBpOrta七io n capa city ofo v erland
且o w o n e a chgri d- c ellto m odeln ot o nly Sedim e nt
yieldpro cessbtLt 8血〕 sedim 皿七 depo sit pro cess
phy8ic auy･ T he tr an sportatio n c apa city lS Cal-
c ulated bas ed o nthe 1 皿it str e a mpo w er(U SP)
theo ry. Y ielded sedim e ntin slope c ells m o v esin
- 123-
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Fig. 4= La nd cove r clas8i&c&tion map
the且. wdirectiわn-deriv edfr.払′the･B血
書
t｡ d 軸 ,
grid-c els, On 地 血 bed lo ad adld 8tL8pended lo ad
a 鵬 C由cdat3ed. The modeliB ap plid to the Lesti
rov e rbasin(625kn2)
◆
1. c atedin the up perBr a n-
七aa Riv erba8in, a nd sim山8teS S edim e nt ru n o庁
fro mNo v e mber19 5to April 1996.
(2) E in β m atic WzLV e m odel
T he m m odelis e xpr eBB ed bythefollowing
equ at.io n s,
芸･蓋- r(x･t) (1)
q =
ah : h < d
α(h - a)m ＋ ah : h≧d
T he initiala nd bo u nda ry c o nditio ns ar e
tivelygiv e n:
h(I,0) - El(c), 1 0≦ 缶 ≦ L
h(0,i) - HB(刀), t > 0
(2)
re8PeC-
(3)
(4)
where a - ksinOh;■q : dis charge per mit wi dth;
A: w aterdeptho n the slope;r : rainfalli血 e n sity;
a - 7D(7 : pO rO gi七y; D ‥ in別tr atio ndepth);f =
tim e; α : location fr o m the up per bo unda ry and
LBg8Fld
CIR五ヨ NRrl- ”
i# unDEas丑rl･.a
■中■ UrbM A 別
物 掬 Paddy hBld
柳 CukL Vh bd LBnd
- ト - :t
l叫{
】
r 耶 C,cpヨ
＋■■ 帆 d トIc-^13
肘 T^ la tortZ〇d･/
CLGudl
α
'
内 払 ･c o n8七antv 如 eB : m- 5/3, α - 8in去o/n
(” I
,
” - ni喝 COd 温cie n七)･
(3) Primitiv e B edim e zlt- ru n offm odel
Figu r e5 explain s the c o n cept of pri mi tiv e
s edim ent- ru n offm odel. E 虻 hgrid- cdl is resacded
aB a Slope co w red with v olc a nic aBh with a, u ni-
fom depth of Y, T he rain w &ter払11ing o n the
slope pe n etratesthe v olc anic ashliptO thedepth
D fro nthe su rfa ce. Subs u rfw e a且dS urfa c e(o v cr-
hld)r un offs ar e七ake ninto a cc o unt;ifthe o v er1
1and且o w o cctzrsthenthe s edim e nt indic ated by
hatchingin Fig･ S 且o w s o ut･ Whe nthe stFfa ce
ru n otro c cll r S at the top ofthe cell(舶 血 o w nin
Dayi)in the mi dle of rn ot mt ain slope, al lthe
s u rfa c e a sh up to the depth Dwi 11且o w o ut･ At
thebegin nhg]ofDay2,t he stufa cela耶 rdepth is
av eraged o v erthe slope the n sedim e ntis yielded
ifov erla ndflo w o ccurs. Repeatingthispr o c ess, 丘-
nalythe 81 nfa celayerwill dis ap pea r aB Sho w nin
Day n in Fig･ 5 ･
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Fig. 5 Primitiv e 指edinlent-r u n offrn odel(Tahra･, 2000)
4. Sedim e nt- ru n off m odel ba s ed o n
USP theory
T hepri mi tiv e m odela s畠tlmidthe sedim e ntto
I)e yielded within丘l七r ation depth D･ Thi畠 a S-
s u mpもion c a n n ot c o nsiderthe s edime ntdepo sit
pro c ess o rthein且u en c e ot
'
the v elo city ofoverla nd
flo w du ring the s edim e nt yieldpr o c e8 8･ T ヒeat-
i}1g the tr a n sportation c apa city(T C)ofthe ov er-
1a nd 丘o w o n ea chgrid･ c ell, which c alc ulated by
the ullit str e ampow er(U SP)the o ryfo r S edim ent
yield, this paper m akesit po 88ible 七o m od dthe
sedim entdepo sit pr o c ess a nd calctllate the v ol
-
u m e ofthe s edim entphy8ical1y･ Figllr e6e xplain s
tlle C O nCept Ofthis m odel･
(1) U nitstr e a mpo w e rthe o ry
The U SPthe o ry c ontributing to the tr a n s-
po rtatioll.
C apacity of s edim e nt is de丘n ed a s a
pl
･
Odu et of m e a n velocity V a nd slope S･ T he
､lP Perli mitto the sedim e n七 c on ce ntr atio nin the
ov e rla nd flo w Ciis calc11ated a sfollo w s:
･ogct - I･ J(筈 - 笥 (5)
wher eI
,
J : n o n-dim e n sio n valu esdecided by ex-
perl m e叫 Vc rS : critical unit str e a mpo w er; ” :
fallv elo city ofsedim eTlt(O1050 m/s ee)A We u s ed
the valu e s ug gestedby Moor e and Bu rch(1 986)
fo rthe she et erosio n :I- 5.0105, J - 1･363･
(2) Sedim ent yield a nd depo sitpr o c e ss
The KW R m odel simulatesthe m ea nv elo c-
ity V a ndthe dis charge Q o n ea chgrid-c ell with
1-ho ur tim e step･ Tle Ct i8 Calc ulated by the
Eq.(5), andthe TCis the pr odu ct ofthe Cl. a11しI
a. Ifthe v oltl m e Ofs ediTn e nt Sllp plied(SI)f
'
roln
up pergrid- c ellisbigger than the T C, s edirlle】lt･
of T C-SIwillbe yielded. On the other ha nd,
the 畠edim e ntfro m the up pergrid- c ellwil be de>
posited withthe v oll 皿 e OfSI- T CwhenSIisbig-
ger.th弧 T
C bec ause o verla nd no wis not c apable
to m o v e allofs edim e nt&o n up pergrid- c ells･
5. Sedim e nt tr ansporta七ion an alysisin
riv e rch an nel
A 血gle cha n n elis taken in to a c o u ntin e ach
grid- c el of
`River`la nd c o v er clas 8･ The chan n el
widthis ass u m e-d七o■be 1 m td25皿 , Whichde-
pe nds o nthedista n ce缶o mthe c atchm e nt outlet･
Rainfallo v erthe 'R iverL grid- c ellisdire ctly input
to the chan nel aslateralin且o w. T he sedim ent
which re a ches to the LRiv er
`
grid- c ell is trallS-
po rtedinthe cha n n eltodo w n stre a m asbedlo a〔1
a ndsllSPe nded lo ad. The tr an spo rtatio ndepe nds
o nthedis cha rgein the cha n n elc o mputedby the
I(W Rm odelfo r cha n n els.
T hebedlo adis c o mpllted bythe equ atio npr oI
pos edby Ashida and Michiu e(197 2):
qbb - 1 7J諒T･3e/2(1 - 管)(1-登)(6,
wher e
T. - u≡/sod
T.c - V≡c/sod
T.e
- u望e/sod
u* - v 師
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TL n 耶2
rldd牡oc eJZli
T C打 F吋S)
SI= O
V S:Vdocl申ⅩSlope(lAitSb
･
8W P岬 q)
T h岬3
Ticld Pro c c J■
TCEE LfNS)
TC > SI
T he;J
D叩 O AIP朗 叫
T C芦 fOrS)
TC:Tr叫坤 Od 如ELC4P■Clt7 T C<ST
SI:BQ血I e nth8岬
Fig. 6 U S P8edi皿 e nt-r u nO牙 m odel
u *e - u/(610･5･751og干oポ云)
8 - 0
./p - 1
wher e o' : m aB 8den Bi七y ofthe B edin eムt(2.65
g/c m3);p : m as sden sity of w&ter(･1.0g/c m3);9
≡ gr avi ty acceleratio n(9.81 m/82);a: gr ain siz e
(0･4 m m); T. : n O n- dim e n sio n alshe a r str ess;T. a:
n o n-din e n sionalcriticalshea r stress; T, e ;.n O n
-
dim e n sio n al efe ctiv e She ar stress(2g0.05); u* :
she a r v elo city ; u. a : Critic alshe a r v elo city; u :
depth aver aged 寸elo city a nd R: hydr al止c r adi118.
■
T he sllSPended lo ad tr a n spo rt ta七e is e x-
pr ess ed aB the depth-integr atio n ofthe pr?du ct
of th占m e a n velo city and the c on c entr atio n■di8-
tribtltio n(L?n e, 1由4 1)=
qbs 〒 uCa品(1 - - 6Ze6Za/A) (7)
z‾- 岩ご (8)
wher eZ - wo/β- 事e; Cq = c o n ce ntr atio n at the
refe re n c el v el z - a (a -0･05h); u o : s etting
velo city o rfallv elo city;lC :Kar m an
'
s c o n sta nt
(0･4);β: co n sta nt(1.2).
ConB equ e ntly, fro m Eq呂.(6)a nd(7)w e obtain
the s edim e ntyield fr o m a Slope c ell:
qb - qbb ＋ qb8 (9)
Fo r a'River' c ell, w e can obtainqin fro nthe slope
cells a ss o ciated with and the lユpBtr e a m
`Riv er`
c ells and qoul to the do wn strea m
`Riv er' c ellqs
at e ve ry tim estep .
T C- f(Ⅴ句
S【q O
T C洪rⅣ勾
SE= 0
● Y 血dPr o 亡8g l
6･ Ap plic atio ntot he Lesti R iv er ba sin
(1) Sed lment pi･oble m a七 the I.e stiR ive r
ba Bin
血e Lesti River ba sin (625 km 2)i$lo c ated
at the upper Br anta 8 Riv erbasin. T he Lesti
Riv e r且o w stogetherthe Br antaB main riv er at
Seng gruh dam c on 8tm Ctedin 1988. T he Seng-
gruh da m c o如ributiTlgtO r edtlC ethe S edim entde-
posit 8も■Earangkate8R館 erV Oirj118tdo w n str e a m
of the Seng gr-止 da n hasgr o ss Sto r age C apacity
of 21･5 millio n m3
, effective Stor age C apa city of
2･5 mi 11io n m3 a nddesign ed de ad sto r age c apa c-
ity of19 mi11io n m
3
･ Acc o rding 七o alo cals urv ey
in 1996
,
accu m ulated s edim e ntatio n at theSe ng-
gr-止 d am w aBalr e ady 19 millio n m
3
a nd Ro ed-
jito & Ea ria nto(1995)repo rt the㌍n l'als edim e nt
r11 n OfF 丘o m t.he LeE]七i Riv erbasin lS1.37minio n
m 3 .
(2) Sim ulatio n c onditio n s
ln this pape r W e ap ply the r ain払1- s edim e nt-
r un offm odel to theLe8tiRiv erbasin a nd sim u-
late the s edim e n七 r un o牙during a rainy S e as o nby
inputting the obs er v edho u rly r ainl
-
alldata h･o m
No v e mber19 95to April 1996. An infiltr atio n
depth Da nd a ninitial8edim entdepth Ya r e a &
s u m eda BD - 10 m 皿 a nd Y- 500m m respectiv ely.
T he rl m Offc o e缶cients andr o ughn e s日irldic es ar e
de cided ba s ed o nthelandc over ofe ach grid
- c ell.
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Fig･ 8 Sedim e ntdistribution sim ulated by the primitive m odel
7. Re sults and D isc us sion s
(1) R ainfall- s edim e nt ru n ofrat t he o utlet
lnput ting the ho u rly effe ctiv erainfan to the
primitiv e m odel a nd the U SPm odelfo rthe
Lesti Riv erbasin, w e sim ulated ho u rly s edim ent-
1･u n O庁 as w ell a s r ainfal- ru n offfor a r alny Se a-
s otl . T he effectiv erainfal l is the pr odllCt Ofr ain -
fallald r u n oぼ c o e氏cients to expr essthe infiu -
e n c e of ev apotra n BPlr ation a ndinfiltr atio nloss･
Figu r e7 sho w sthe hyetogr aph, hydr ogr aph a nd
sedi皿 ent ru n Offat the o utlet sim ulated by tw o
m odels. Sin c ethe differ e n c ebetw eerl the pri mi-
t.iv e m odela ndthe USP m odelaffect.a to the sed-
im ent, hydrogr aphs sim ulatedbytw o m odels are
c o mpletely the s a m e, Despite inputting the ef-
fectiv e r ainfall, s o m e sim ulated pe aks ar ebigger
tha n obs erv ed pe aks, Thes ediffer e n c esdu eto
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Fig. 9 Sedim entyieldofthe whole b娼in
the a点S u mptio n ofspatially-1mi fo r皿 r ainl
'
al1o v er
the wholeba血 ,_altho ugh the a ctnd r ai血11a r e a
sho uld be s malertha n the ba sin . Cu m 11at.iv e
sedim ent r u ェofrat 七he o utlet sim ul引治窃
...
bytw o
m odels is sho w nin g痩一 7
■
一 T he te m】
tio･n ofs edim e nt T11a･O好血 at m or e o n yS
a nd less on dry day紬 w ellsim Amted. 彪 c u m 11-
1a.ted s edim e nts 由 ∫.地 e､ o tltle七 畠im ul血色d by tw o
ln Odels a r e a p9牡nd l､00mi1ion m
3
aftera r ainy
se as o n, 鉦nd the8 e汝e re a s o n able volu m e c o m-
pared with the m e as u r ed data .
(2) Sim ulatio nbybri mi tiv e m odel‾
Figu re8 sho w sthetem po ralchange ofspatial
distributio n of8 edim en七bythe Primitiv e m odel･
T he s edim ent depth decr e as es aSthe Sedim e nt
is yielded o n ea chgrid- cell &o m the initial sed
-
ilu elltdepth: Y - 50c m, a ndin the c a貞e Of
‾u自ing
the USP rm odel, S edim ent depthin so m egrids
in cr ea s es aSthe sedim e nt iB depo sited. Figu r e
8 indic ates that s edim e nt yields o n ste ep slope
grid-c elk ar e sm alertha n that o nge ntle Slope
grid
- c ells be c a u s e O V erhnd 且ow is e asy to o c c u r
o nthe gentle slope grid- c ells･ T h娼 S ee m 8tO be
dis agr eewiththe c o m mo nide athat ste ep slope
yields more sedim ent o n c eo v erla nd o cc u rs･ An
-
other problem lying o n the prlmitiv e m odel is
tllat the totalv olu m e ofsedim e ntyieldi8 to obig;
abo ut 100 tim es as m u ch aBthe ru n oぽ v olu me at
the o utlet, a s sho w ninFig. 9 ,
To o v er c om e thes epr oble m s w e c o n side rthe
tr all SpOrtatio n c apa city bas ed o n 七he U SP･ The
七empo ral cha nge
g6Apr
of diE]t.ributio n is sho w nin
Fig. 10
■
a Jldthetotalv c,tu n e of包edim e ntyieldis
sho w屯j
t,al
iEL m ll
?ode
m らnt
短. 9 bytheUSP m odel･ Be c a u s e atO -
f′ 卵dim e ntyi軸
t.ha nthe %
e di氏c ult.
r 8･1 ny S e a s on
the prl mitiv e
畠u aliz ethe s edi-
cha nge . W e c o n丘 rm edthatthe steep
slopesyields m or e s edim e nt tha n ge ntle slopes ･
The tot alv olu m e ofs edim e nt yield 40, Om
3 is
m ∂ie adeqlユate tha nthat.obtain edby the primi-
tiv e m odd. An other80,000 m
3
c o ntributing to
the s ed血 en七 ru n ofr ha s b8 e nyielded o n slope
c ells;Fig･ 9 explain sthat the v olu m e of depo sited
S edim entis abo ut15,00 0m 3 a.fbe r a r ainy se a点O n･
8. Co n clu sio n s
T hi8 pape r ha s introdllCed a distribllted
r ainfalllS edim e nt- ru n offm odel ba sed o nthekin e-
m atic w a v e r un offthe ory c o mbin ed withthe u nit
strea m po w erthe o ry to calculate tr an spo rtatio n
c apa city ofo v erla ndflo w･ GISa nd R Sw er e effe c
-
tiv ely u s ed to tr e at ge ographicaldata a nd la nd
-
c o v e r cla ssific atio nfor co nstru cting this m odel･
The 血odel co uldr epr odu cethe sedim e nt r u n off
in the Lesti R iv erba sin .
T ho ugh m or e co n sider a･tio n s abo ut m odel
-
1 ng a nd par a m et r s ettings ar e ne c e 出 a ry tO Ob
-
tain.m o r e a c c u r ate s ed
im entatio n estim atio n, this
kind of appro a ch c a nglV e u sefulinfo r= n atio nfo r
pr e v e ntio n a nd mi七igatio TI Of 且o od a nd s edim e nt
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Fig･ 10 Sedill elltdist,ributio nsilll u由ed by the U SP皿 Ode)
disasters n ot O nly lnlndo n esia but other ar ea s
that are s uqeringfrom simi18.r proble m s.
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